Fingernail clippings collected from 97 consenting females, who admitted amphetamines and/or opiates use and are currently under treatment, were quantitatively analyzed for the presence of methamphetamine and amphetamine. Sixty-two subjects were found positive for methamphetamine/amphetamine. Paired nail-hair specimens were collected from 6 of these subjects for a 12-week period and analyzed to determine the duration of detectability and deposition characteristics of amphetamines in fingernails; whether data derived from the analysis of nail clippings and hair sections are reflective of drug use patterns; and whether there is a relationship between the analytical data derived from the paired nail-hair specimens. Typical sample pre-treatment procedures and GC-MS protocols were evaluated to establish the validity of various analytical parameters and to ensure that the resulting data can be properly interpreted. Major findings include 1. Methamphetamine was found in the nails of 62 subjects collected in Week 0. The distribution of methamphetamine concentrations (ng/mg) in these nail samples are range, 0.46-61.50; mean, 9.96; and standard deviation: 13.33. The corresponding data for amphetamine are < 0.20-5.42, 0.93, and 1.01, respectively. 2. Sectional analyses of hair samples collected from 6 subjects in Week 0 show methamphetamine concentrations peak at different distances from the root. 3. The concentrations of methamphetamine and amphetamine in nail clippings are generally lower than the first 1.5-cm section of hair samples collected at the same time from the same individual. 4. Amphetamine/ methamphetamine concentration ratios in nail clippings and hair samples are comparable. 5. Methamphetamine concentration in the nail clippings collected at Weeks 0, 4, 8, and 12 decreases in a pattern similar to that exhibited by the first 1.5-cm sections of the hair samples collected at the same time.
Introduction
There have been a very substantial number of studies addressing the analysis of hair for the detection of abused drugs * Author to whom correspondence should be addressed.
(1), and fewer reports have been devoted to the study of nail as the specimen for the same purpose. With respect to the use of nail as an analytical specimen, studies directed to the study of amphetamines (2--4) have not been as thorough as those addressing other commonly abused drugs, such as cocaine (5--8) , opiates (6) (7) (8) (9) , cannabis (10) , and methadone (11) . (See Table I for summary of these studies.) Although limited in number, these studies have, however, undoubtedly demonstrated that nails can be used for detecting drug exposure.
In this study, fingernail clippings were collected from 97 consenting females who admitted the use of amphetamines and/or opiates and are currently under treatment. Female subjects were chosen for this study because the length of their hair tends more suited for monitoring drug contents in an extended time period. Specimens collected were analyzed quantitatively for methamphetamine and amphetamine. Paired nail-hair specimens were collected from 6 subjects with positive methamphetamine/amphetamine test results for a 12-week period and analyzed to study the duration of detectability and deposition characteristics of amphetamines in fingernails; whether data derived from the analysis of fingernail clippings and hair sections can be reflective of drug use patterns; and whether there is a relationship between the analytical data derived from the paired nail-hair specimens.
Experimental
Control/blank, specimen, reagents, and standard Fingernail clippings collected from four laboratory personnel (on a monthly basis) are used for growth rate determination and as analytical controls/blanks.
The following specimen sets were collected from 97 consenting female drug users who are currently under treatment: Set A, fingernail clippings from 97 subjects; Set B, series of fingernail clippings from 8 subjects--fingernail clippings were continuously collected (in 4-week intervals) for a 12-week period from 8 subjects with higher concentrations of amphetamines; and Set C, series of paired hair-fingernail clippings from 6 subjects--among the 8 subjects with higher initial nail concentrations of amphetamines, paired hair specimens were collected from 6 subjects on weeks 0, 4, 8, and 12.
All solvents and reagents were HPLC grade and were pur-chased from J.T. Baker, Inc. (Phillipsburg, N J). Heptafluorobutyric anhydride (HFBA) was obtained from Aldrich Chemical (Milwaukee, WI). Amphetamine, amphetamine-dg, methamphetamine, and methamphetamine-d8 were obtained from Cerilliant (Austin, TX). 
Sample preparation
The same procedure used to pretreat nail and hair is briefly described as follows. Specimens were weighed (hair specimens in 1.5-cm sections), washed with methanol, followed by the addition of deuterated internal standards and digestion for 1 h in 1 mL of 2N NaOH at 80~ This digestion method was rapid with complete dissolution of hair and nail.
Digestion solution was cooled to room temperature and extraction with 5 mL ethyl acetate on a horizontal shaker for 5 min. The mixture was then centrifuged for 5 min, and the upper ethyl acetate phase was transferred to a clean screw-cap test tube. ~o milliliters of 0.5N HCI was added, and the mixture was shaken for 5 rain. After centrifugation, the acidic layer was transferred and made basic with 0.5 mL 13N NaOH. pH paper was used to check its basicity before it was extracted with 5 mL ethyl acetate for 5 min. After centrifugation, the upper ethyl acetate phase was transferred to a clean screw-top tube containing 50 oL methanol-HCl mixture (20 mL methanol + 0.1 mL concentrated HCI) and evaporated to dryness under a stream of nitrogen at 60~
For derivatization, 50 pL ethyl acetate and 50 BL HFBA were added to the residue in the screw-top tube prepared previously. The capped tube was vortex mixed for 20 s and then heated at 70~ for 30 rain. The reaction mixture was evaporated to dryness under a stream of nitrogen at 50~ and reconstituted in 100 BL ethyl acetate prior to gas chromatographic-mass spectrometric (GC-MS) analysis.
GC-MS
A Hewlett-Packard 6890N series II GC/5973N mass selective detector, operated at 70 eV with ion source temperature of 230~ was used in this study. The GC was equipped with a 30-m Hewlett-Packard (Andover, MA) HP-1MS fused silica capillary column (0.25-mm i.d., 0.25-1am film thickhess). The injector and interface temperature were maintained at 260 and 280~ respectively. The inlet pressure was held at 5 psi for 1 rain, then programmed to 20 psi at 2 psi/rain, and held for 4.5 rain. Oven temperature was held at 60~ for 1 min, then programmed to 300~ at 20~ and held at the final temperature of for 1 min. The following parameters were used for injecting samples into the GC-MS system: sample size, 1 pL; injection mode, splitless; injector purgeoff duration, 1 min. Ions selected for monitoring the resulting HFB-derivatives were m/z 240, 118, and 91 for amphetamine; 243, 126, and 96 for amphetamine-d~; 254, 210, and 118 for methamphetamine; and 261, 213, and 123 for methamphetamine-d~. The first ion listed for each compound was used for quantitation using a five-point (2.0, 5.0, 10, 20, and 40 ng/mg) calibration protocol.
Result and Discussion

Fingernail growth rate
Fingernail growth rate was estimated based on specimens collected from four laboratory personnel. Individual finger data and mean values are shown in Table II . Average nail growth rates of these four individuals are 0.28, 0.22, 0.29, and 0.30 (mean 0.27 + 0.04) cm. "Nail plate"/"free edge" length (1 month) ratios observed from the four individuals were 4.10, 5.74, 3.72, and 3.54 (mean 4.28 _+ 1.00). Based on these data, it is estimated that it takes approximately 3-6 months for the "matrix" area of the nail to appear as "free edge" that can be clipped. These fingernail growth rate data are used along with the rate of hair growth (0.25 cm/week) (12) for the correlation of data derived from the paired hair-fingernail specimens (see discussion in a later section).
Evaluation of specimen pretreatment procedures
The most desirable washing procedure would allow for complete removal of external contamination without removing those derived from internal deposition. There are still disputes on whether this goal can really be accomplished. For this study, the requirement is that the imperfect characteristics (incomplete removal of external contamination and/or partial removal of internal disposition), if present, would not affect or distort analytical data to the extent to cause the misinterpretation of these findings.
Similarly, the most desirable extraction procedure would allow for 100% removal of the analytes of interest from the specimen matrix, without causing any decomposition. Again, recovery data are evaluated to ensure that imperfect characteristics do not affect or distort analytical data to the extent to cause the misinterpretation of these findings.
Data derived from hair sectional analysis (see discussion in a later section) indicate that the adapted washing procedure did not distort drug disposition patterns in hair. Without standard nail samples of know concentrations, it is not known whether the adapted digestion/extraction procedure can recover the analytes completely; however, recovery data derived from blank nail samples (that are spiked with known amounts of the analytes) indicate 90.4 • 2.7% and 92.5 • 0.8% recoveries of amphetamine and methamphetamine, respectively. Recovery data are shown in Table III .
The back-extraction step incorporated into the sample preparation process was found to be very effective and clean chromatograms were obtained for both hair and nail specimens (Figure 1 ). Evaluation of assay parameters--linearity, precision, accuracy, and limits of detection and quantitation Assay iinearity, precision, and accuracy have been thoroughly studied using the same approach reported earlier for urine samples (13) and briefly described as follows. Four replicates of standards were prepared at five analyte concentration levels (2.0, 5.0, 10.0, 20.0, and 40.0 ng/mg) by spiking appropriate amounts of analyte stock solutions into test tubes containing 25 mg drug-free fingernail. Four sets of these standards were analyzed three times each day for three days. One set was used as the calibration standards to derive the analytes' concentrations in the remaining three sets.
Standards used for the evaluation of assay's limits of detection and quantitation were prepared similarly, but with the following specifics: concentrations of four sets of standards were 4.0, 2.0, 1.0, 0.5, 0.4, 0.25, 0.2, 0.1, 0.05, and 0.02 ng/mg. One set was used as the calibrators to derive the analytes' concentrations in the other three sets. Resulting data indicate the limits of quantitation and detection for amphetamine and methamphetamine are better than 0.2 ng/mg.
Methamphetamine and amphetamine profiles derived from sectional analysis of hair
Analytical data derived from sectional analysis of hair samples collected in Week 0 are shown in Table IV . Analyte concentrations for subjects A-024 and A-030 peak at approximately 2 and I cm from the root, respectively (See an exemplar profile shown in the upper part of Figure 2 ). Analyte concentrations for subjects A-008, A-013, A-027, and A-041 peak at approximately 5-7 cm from the root (See an exemplar profile shown in the lower part of Figure 2) .
Analytical data derived from the first 1.5-cm sections of hair samples collected in Weeks 0, 4, 8, and 12 are shown in Table V . Two examples (Subjects A-030 and A-041) are shown in the left side of the upward bars in Figure 3 .
Concentrations of methamphetamine and amphetamine in fingernail clipping
Analytical data derived from the initial nail clippings (Week 0) of the 62 subjects are shown in Table VI (Table VI) indicate that methamphetamine was detectable in the nail clippings collected in Week 8 in subjects A-008, A-013, A-041, and A-073, but was below the limit of detection for the other four subjects. Two examples (Subjects A-030 and A-041) are shown as the downward bars in Figure 3 .
Comparison of analyte concentrations in fingernail clippings and hair samples
Substantial data shown in Tables IV-VI indicate that the concentrations of methamphetamine and amphetamine in fingernail clippings are lower than the first 1.5 cmsections of the hair samples collected at the same time. Amphetamine/methamphetamine concentration ratios in the paired fingernail clippings-hair sections are compatible (Tables  V and VI) . Methamphetamine/amphetamine concentrations in the initial and later fingernail clippings and the first 1.5-cm sections of hair samples collected at the same time (Table V and the left-hand portions of downward and upward bars in Figure 3) show similar decrease patterns. Considering that hairs are cut into 1.5-cm sections with each section equivalent to approximately a 3-7 week of growth period, the analyte concentration decrease patterns observed for the paired fingernail clippingshair sections are very similar.
Conclusions
Including the analysis of fingernail clippings from a significant number of drug users, this study has further confirmed that fingernails can be used for detecting methamphetamine exposure. Analytical data also indicate hair specimens contain higher methamphetarnine/amphetamine concentrations than fingernail clippings.
If 
